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ANALYSIS OF THE EFFECT OF PUMPING ON GROUND-WATER FLOW IN
THE SPRINGFIELD PLATEAU AND OZARK AQUIFERS NEAR SPRINGFIELD, MISSOURI

By Jeffrey L. Imes
ABSTRACT

Pumpage of water from the Ozark aquifer for public supply and industrial
use in the city of Springfield and surrounding communities in southwestern
Missouri has substantially altered ground-water flow patterns in the aquifer.
Springfield is located on a former regional ground-water divide that trends east
and west across southern Missouri. Ground water that once flowed north and
south from the divide now moves toward Springfield. Drawdown in the Ozark
aquifer beneath Springfield has increased 42 feet near the center of the city
since 1974. The area of head decline also has increased, most notably to the
south and southwest, because of increased pumpage of water-supply wells in the
city and new ground-water withdrawals in communities with rapidly increasing
populations, such as Republic and Nixa.

A finite-difference model of ground-water flow in a 42 by 42 mile area
centered on Springfield was calibrated under predevelopment and transient
pumping conditions. Estimates of the lateralshydraulic cgﬁductivity of the
Springfield Plateau aquifer range from 5.0 x 10 to 5.0 x 10 feet per second,
depending on the analysis used. An estimate of the lq&sral hydraulig
conductivity of the Ozark aquifer areally ranges from 8.0 x 10 to 3.0 x 10

feet per second. An estimate of the vertical hydraulic conduct{x&;y of the

Ozark confining unit areally ranges from 9.0 x 10 to 1.1 x 10 feet per
second, and an estimate of the Yi{tical hydraulic conductivity of the St.
Francois confining unit is 4.5 x 10 feet per second.

Changes in the potentiometric surface of the Ozark aquifer, and to a lesser
extent the Springfield Plateau aquifer, resulting from pumpage of water-supply
wells has altered the hydrologic budget of the Springfield area. Of the
approximately 17.6 cubic feet per second of water pumped from the Ozark aquifer
in 1986, about 50 percent was supplied by increased downward leakage through the
Ozark confining unit, about 10 percent came from storage within the Ozark
aquifer, and about 40 percent was supplied by lateral flow in the Ozark aquifer.
Downward leakage of ground water through the Ozark confining unit has increased
from about 10 cubic feet per second before development of the area to about 18
cubic feet per second after development because drawdown in the Ozark aquifer
has resulted in an increased vertical hydraulic gradient across the confining
unit. Minimal quantities of water are supplied by increased upward 1leakage
through the St. Francois confining unit. The hydraulic head in the shallow
Springfield Plateau aquifer 1is affected by pumpage in the underlying Ozark
aquifer. Model simulations indicate substantial quantities of water are still
(1987) being removed from storage within the Ozark and Springfield Plateau
aquifers and, thus, the hydrologic system is not in equilibrium at this time.
An analysis of the response of water levels to a pumping rate increase of 20
percent every 10 years to the year 2010 indicates water levels in the Ozark
aquifer may decline an additional 100 to 150 feet near Springfield, and water
levels in the Springfield Plateau aquifer may decline an additional 20 to 30
feet near Springfield.



INTRODUCTION

The city of Springfield, Missouri, third largest city in the State, is the
center of an area of rapidly increasing population in southwestern Missouri
(fig. 1). The population of Springfield, which has increased from 29,000 in
1890 to 133,116 in 1980, nearly doubled between 1950 and 1980 (state of
Missouri, 1890-1988). Much of the 1950 to 1980 increase occurred from 1950 to
1970. From 1970 to 1980, the population of Springfield increased by about 11
percent. Rapid increases in population also have been experienced by many of
the smaller communities around Springfield. From 1970 to 1980, 9 of the 10
larger communities around Springfield had population increases that exceeded 24
percent. To supply the current (1988) demand for drinking water, City Utilities
of Springfield operates surface-water intake and treatment stations at McDaniel
Lake, Fellows Lake, and Fulbright Spring north of the city, and at the James
River southeast of the city. Estimates of the dependable yield of the surface-
water sources differ (Emmett and others, 1978, p. 104; U.S. Army Corps of
Engineers, 1984) but are about 23 Mgal/d (million gallons per day). To
supplement surface-~water supplies during periods of dry weather, City Utilities
also maintains a network of 10 water-supply wells. Presently (1988), four wells
are active and six wells are in reserve. The estimated dependable yield of the
four active wells is 3.9 Mgal/d. Emmett and others (1978, p. 104) estimated the
yield of nine City Utilities wells at 6.2 Mgal/d. Ground-water use is small
compared to the quantity of surface water used, because current (1988) water
demand can be supplied from surface-~water sources.

Current water demand for public supply in the city of Springfield is
approaching the quantity that can be dependably supplied from existing surface-
water sources during droughts. Estimated use of surface water for public supply
increased from 15.4 Mgal/d during 1974 to 19.4 Mgal/d during 1983 (Steinkamp,
1987, p. 53). During the same interval, ground-water pumpage for public supply
increased from 1.3 Mgal/d to 2.4 Mgal/d. Projections of water supplies needed
by 1990 have declined from 28.5 Mgal/d (Burns and McDonnell Engineering Co.,
Inc., 1971) to 24.7 Mgal/d (Steinkamp, 1987; U.S. Army Corps of Engineers,
1984). However, even the lower estimate is greater that the estimated
dependable yield of surface-water supplies; surface-water supplies may need to
be increased or supplemented in the future.

Because of concern for the adequacy of future water supplies a cooperative
effort was begun between the U.S. Geological Survey and City Utilities of
Springfield to analyze the ground-water resources of the Springfield area. A
detailed analysis of the ground-water resources near Springfield is needed to
develop a conceptual model of ground-water flow and to estimate probable changes
in flow caused by changes in rates of ground-water withdrawal.

The study area (fig. 1) encompasses more area than the large area of
influence of the cone of depression, because of the possibility of a cumulative
drawdown effect from interaction between wells in the city and surrounding
communities, and the requirements of a digital model used to simulate groundz
water flow near Springfield. The study area is 42 by 42 mi (miles), 1,764 mi
(square miles), and includes parts of 10 counties. Greene and Christian
counties are represented almost entirely. Smaller parts of Dade, Polk, Dallas,
Webster, Douglas, Taney, Stone, and Lawrence Counties are included in the study
area.
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Purpose and Scope

This report describes the results of a study to qualitatively describe the
ground-water flow system in the study area, to determine the magnitude of
drawdown in the aquifers, and to assess the availability of future ground-water
supplies and the effect of future development on the water levels in the
aquifers. One goal of the study was to estimate the rate of ground-water
leakage from the shallow aquifer, which is vulnerable to contamination, to the
deep aquifer, which is the source of almost all ground-water supplies in the
area. Part of the study included developing a three~dimensional digital model
to simulate ground-water flow. The model was used to quantify the hydraulic
properties of the aquifers and confining units and the hydrologic budget. The
orientation and boundaries of the square study area were chosen to coincide with
cell boundaries of a regional ground-water flow model of the Ozark Plateaus
aquifer system (Imes and Emmett, in press). It was thought that the large study
area would ensure that model boundaries would be sufficiently distant from areas
affected by drawdown so that no time-dependent effects would be encountered at
the boundaries. During this study it was noted that this condition, for the
most part, was maintained. However, the size of the study area has proven to be
minimal, as drawdown of water levels has occurred throughout most of the study
area.
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TOPOGRAPHY AND DRAINAGE

Springfield is located near the eastern edge of the Springfield Plateau
physiographic section (fig. 2; Fenneman, 1938). Mississippian cherty limestone
forms the bedrock in most of this part of the Springfield Plateau, except where
erosional remnants of Pennsylvanian sandstone and shale are present as elongated
mounds that usually are less than 100 ft (feet) high. The plateau dips slightly
to the west from the Eureka Springs Escarpment. The escarpment divides the
Springfield Plateau from the Salem Plateau. Bedrock in the Salem Plateau
predominately is Ordovician dolostone and sandstone. Land-surface altitude in
the study area ranges from near 1,000 ft to more than 1,600 ft (fig. 3). The
main drainage divide is formed by a topographic ridge that trends from
east~central Greene County to western Christian County and passes through
Springfield. Elevations along the broad ridge range from slightly less than
1,300 ft to slightly more than 1,500 ft and are about 1,300 to 1,350 ft in
Springfield. Because existing topographic maps were either too detailed
(1:100,000 scale) or too general (1:500,000 scale) for use in this study, the
topographic map used and shown as fig. 3 was developed by contouring land-
surface elevations of water wells.
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Streams in the study area generally follow courses that trend northwest or
southwest (fig. 4). A series of near parallel streams (Turnback Creek, the Sac
River, Clear Creek, the Little Sac River, and the Pomme de Terre River) begin in
the upland area along the main surface water divide and flow northwest out of
the study area. Two major streams (the James River and Finley Creek) have their
headwaters near the Eureka Springs Escarpment east of Springfield and flow west
and southwest. Two of the larger tributaries of the James River are Crane Creek
and Wilson Creek. The headwaters of Wilson Creek are within Springfield. The
area south of the James River and Finley Creek is drained by Bull Creek and Swan
Creek. Three large lakes are in the study area. McDaniel Lake and Fellows Lake
are impoundments on the Little Sac River north of Springfield. The third, Lake
Springfield, is on the James River south of Springfield.

The slightly rolling hills of the Springfield Plateau contain numerous
sinkholes, especially northwest and south of Springfield, (Thomson, 1986a) that
transport surface water to an extensive karst terrane that has evolved in the
upper part of the surficial aquifer. One consequence of rapid flow through the
solution enlarged joints and fractures is the convergence of ground water into
the larger channels and emergence of the water as springs where the channels
intersect land surface. The springs were a valuable source of drinking water
and were a refrigerant for early settlers of the area. Even today, Fulbright
Spring (fig. 4) is a source of public-water supply for Springfield.

GEOHYDROLOGY

Geohydrologic units in the study area previously were identified and mapped
as part of a regional study of the Ozark Plateaus aquifer system (Imes and
Emmett, in press). The units were defined on the basis of regional
geohydrologic properties. The lateral and vertical hydraulic conductivity of
each unit may vary considerably from one location to another within the
boundaries of the aquifer system. Seven units are present in the Springfield
area (figs. 5 and 6). From the stratigraphically youngest to oldest, the units
are (1) the Western Interior Plains confining system, (2) the Springfield
Plateau aquifer, (3) the Ozark confining unit, (4) the Ozark aquifer, (5) the
St. Francois confining unit, (6) the St. Francois aquifer, and (7) the Basement
confining unit. The sequence of geohydrologic units from the Springfield
Plateau aquifer to the St. Francois aquifer comprise the Ozark Plateaus aquifer
system. The relation between geohydrologic units and stratigraphic units within
the study area and the water-bearing properties of each geohydrologic unit are
summarized in table 1. The Western Interior Plains confining system is present
only as isolated channel-sand deposits too permeable and too small to form an
effective barrier to the percolation of water from land surface to the
underlying Springfield Plateau aquifer. The Springfield Plateau aquifer, Ozark
confining unit, and Ozark aquifer are most important to this study. The St.
Francois confining unit separates the Ozark aquifer from the deeper St. Francois
aquifer. The top of the St. Francois aquifer, the lowermost aquifer in the
Ozark Plateaus aquifer system, is about 1,900 ft below Springfield. Because of
the depth of the St. Francois aquifer and because adequate quantities of ground
water for municipal and industrial supply exist in the overlying Ozark aquifer,
water-supply wells in the study area are not open to the St. Francois aquifer.
One conclusion of an Packer-test analysis of yield in an observation well at the
Southwest Power Plant (fig. 6) location was that geologic formations below the
Potosi Dolomite (St. Francois confining unit and St. Francois aquifer) are not
productive (Layne-Western Company, 1972).
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